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Abstract 
The Eu2+-activated Sr2Mg3P4O15 (Sr2Mg3P4O15: Eu2+) phosphor is prepared using 
solid-state reactions of SrCO3, MgO, (NH4)2HPO4, and Eu2O3. The phosphor is excited 
efficiently by near-ultraviolet (n-UV) light irradiation, showing bright blue emission 
spectra at wavelengths of 400–550 nm with a maximum peak of 447 nm. The 
temperature dependence of luminescence intensity for (Sr0.94Eu0.06)2Mg3P4O15 is higher 
than that of commercial (Y,Gd)3Al5O12: Ce3+. In fact, Sr2Mg3P4O15: Eu2+ has high 
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potential for application as a blue phosphor for a white LED under excitation of n-UV 
light. 
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Introduction 
Recently, great strides have been made in production of white light-emitting diodes 
(LEDs) for use in next-generation solid illumination devices, backlighting of liquid 
crystal displays, etc. Currently, the most used white LED comprises a blue LED chip of 
GaInN/GaN with yellow phosphor Y3Al5O12: Ce3+ (YAG). YAG-based white LEDs 
provide high efficiency because they use blue transmitted light. However, the color 
rendering of white light generated by this method is poor because of the lack of a red 
light component. Two methods exist to obtain good color rendering white light: a 
combination of a UV LED chip with light of three primary colors (RGB) phosphors, and 
a combination of R/G phosphors with a blue LED chip. Regarding the former method, 
we specifically examine phosphate phosphors. Phosphate compounds have been used as 
host materials of fluorescent lamps for many years because of their low material cost, 
easy synthesis, and high stability for use in lamp applications [1]. 
Phosphor-based phosphate compounds of the ABPO4 (A= alkaline metals, B= 
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alkaline earth metals) family have been described in the literature for several years: 
particularly, LiSrPO4: Eu2+, NaCaPO4: Eu2+ and LiZnPO4: Mn2+ respectively show 
excellent blue emission, green emission, and green-yellow emission under n-UV light 
[2], [3], [4]. Actually, KSrPO4: Eu2+ shows thermal luminescence stability that is 
comparable to that of YAG [5]. In these reports, phosphate compounds were described 
as useful phosphors for application to white LEDs.
Only one report of fluorescent spectra of Sr2Mg3P4O15: Eu2+ is available in the 
literature: that by M. V. Hoffman in 1968 [6]. According to the papaer, the luminescence 
intensity of Sr2Mg3P4O15: Eu2+ (λ e m= 440 nm) was about 5% of the intensity of 
SrMgP2O7: Eu2+ under excitation of 254 nm, which shows that Sr2Mg3P4O15: Eu2+ has 
low potential as a phosphor.However, in this study, we investigated the potential of 
Sr2Mg3P4O15: Eu2+ as a blue phosphor for a white LED. 
Experimental 
Samples of Sr2Mg3P4O15: Eu2+ were synthesized using conventional solid-state 
reaction method. The starting materials were SrCO3 (Kanto Chemical Co., Inc., 99.99%), 
MgO (Kanto Chemical Co., Inc., 99.9%), (NH4)2HPO4 (Kanto Chemical Co., Inc., 
99.0%), and Eu2O3 (Shinetsu Chemical Co., Inc., 99.99%). The weighed starting 
H.L. Ngee et al. / Physics Procedia 2 (2009) 171–183 173
materials were mixed with acetone using an agate pestle and mortar. The molar ratio of 
Sr:Mg:P:Eu was maintained at 2-2x:3:4:2x. The x value was changed within 0.01–0.07. 
The mixture was pressed into a 15-mm-diameter disk pellet under pressure of 30 MPa 
for several minutes. The pellet on the alumina boat was heating at 1000°C for 1 h in a 
reductive atmosphere of 5% H2 / 95% Ar gas. The crystal structure of the final products, 
as characterized using powder X-ray diffraction (XRD) at 2θ, was 10° – 70° (MX Labo; 
Mac Science Ltd.). Photoluminescence (PL) and thermal luminescence stability were 
measured using a spectrofluorometer (FP-6500; Jasco Inc.). temperature dependence of 
luminescence intensity for the samples was measured from room temperature (20°C) to 
150°C. 
Results and Discussion
Samples of Sr2Mg3P4O15: Eu2+ were obtained using a conventional solid-state 
reaction. The XRD patterns of (Sr0.94Eu0.06)2Mg3P4O15 are presented in Fig. 1. The XRD 
patterns of the samples, (Sr1-xEux)2Mg3P4O15 (x=0.01–0.07), showed good agreement 
with the powder patterns in JCPDS-21-0964. The single phase of Sr2Mg3P4O15: Eu2+ was 
observed only when samples were heated to 1000°C for 1 h in a reductive atmosphere. 
However, when samples were heated with a slight change of heating parameters in
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relation to temperature and time, SrMg2(PO4)2 was observed as an impurity. Therefore, 
the phase of Sr2Mg3P4O15 is suggested to be metastable phase. 
Excitation and emission spectra of the sample, (Sr0.94Eu0.06)2Mg3P4O15, are 
presented in Fig. 2. When emission spectra of SrMg2(PO4)2: Eu2+ (λem=410 nm) are 
observed, the emission intensity of Sr2Mg3P4O15: Eu2+ is much lower. The maximum PL 
intensity of single-phase (Sr1-xEux)2Mg3P4O15 is observed when x = 0.06 in 0.01 < x 
<0.07. (Sr0.94Eu0.06)2Mg3P4O15 exhibits emission bands between 400–550 nm under 
excitation of 395 nm. Because of the transition from the 4f65d1 excitation state to the 
4f7 ground state of 4f–5d transition of Eu2+, the Sr2Mg3P4O15: Eu2+ has broad excitation 
and emission spectra [7]. Typical emission spectra of Eu3+ transition (5D0–7F1 at about 
590 nm and 5D0–7F2 at about 615 nm) were not observed [8], [9]. We infer that Eu3+ was 
reduced completely to Eu2+. 
For example, Eu2+-activated BaMgAl10O17 (BAM) has been used as a blue phosphor 
for a white LED excited by an n-UV LED. However, the BAM phosphor shows poor 
blue emission excited by n-UV light irradiation (λex = 350–400 nm). To increase 
absorption of n-UV range, Eu2+ of 30 mol% was doped in BAM [10]. However, the 
excess-doped Eu2+ sample caused a red shift of emission spectra and provides low color 
purity. Emission spectra of (Sr0.94Eu0.06)2Mg3P4O15, (Ba0.9Eu0.1)MgAl10O17, and 
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(Ba0.7Eu0.3)MgAl10O17 are depicted in Fig. 3, each sample was excited by 395 nm UV 
irradiation. The luminescence intensity of (Sr0.94Eu0.06)2Mg3P4O15 is comparable to 
(Ba0.9Eu0.1)MgAl10O17 and 80% intensity of (Ba0.7Eu0.3)MgAl10O17. In fact, 
Sr2Mg3P4O15: Eu2+ can be excited efficiently by n-UV light. These results show that 
Sr2Mg3P4O15: Eu2+ is suitable as a blue phosphor for solid illumination devices, or as a 
backlight of a liquid crystal display. 
Figure 4 indicates the temperature dependence of luminescence intensity for 
(Sr0.94Eu0.06)2Mg3P4O15, (Ba0.7Eu0.3)MgAl10O17, and (Y,Gd)3Al5O12:Ce3+ under 
excitation at 395 nm. The temperature dependence of (Y,Gd)3Al5O12:Ce3+ was used as a 
reference [11]. It shows the changing relative emission intensity of the samples from 
room temperature (20°C) to 150°C. The relative intensity of the Y axis indicates the 
maximum peak intensity of the emission under excitation at 395 nm. temperature 
dependence of luminescence intensity for (Sr0.94Eu0.06)2Mg3P4O15 is lower than that of 
(Ba0.7Eu0.3)MgAl10O17, but higher than that of commercial (Y,Gd)3(Al,Ga)5O12:Ce3+. 
The relative peak intensity of (Sr0.94Eu0.06)2Mg3P4O15 decreased marginally with 
temperature. The emission intensity of (Sr0.94Eu0.06)2Mg3P4O15 at 100°C is 91% as high 
as that at room temperature. Results of PL and thermal luminescence examination 
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demonstrate that Eu2+-activated Sr2Mg3P4O15 can be applied for use as a blue phosphor 
for a white LED under n-UV light excitation. 
Conclusions 
Using a solid-state reaction method, a blue phosphor was prepared: Eu2+-activated 
single-phase Sr2Mg3P4O15. The luminescence intensity of (Sr0.94Eu0.06)2Mg3P4O15 is 
comparable to that of (Ba0.9Eu0.1)MgAl10O17 and 80% intensity of 
(Ba0.7Eu0.3)MgAl10O17 excited by n-UV light. Temperature dependence of luminescence 
intensity for (Sr0.94Eu0.06)2Mg3P4O15 is higher than that of commercial 
(Y,Gd)3Al5O12:Ce3+. Results show that Sr2Mg3P4O15: Eu2+ should be considered for use
as a blue phosphor for a white LED. 
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Fig. 1 XRD patterns of (Sr0.94Eu0.06)2Mg3P4O15. 
Fig. 2 Excitation and emission spectra of Sr2Mg3P4O15:Eu2+ (solid line) and 
SrMg2(PO4)2:Eu2+ (broken line). 
Fig. 3 Emission spectra of (Sr0.94Eu0.06)2Mg3P4O15, (Ba0.9Eu0.1)MgAl10O17, and 
(Ba0.7Eu0.3)MgAl10O17 (λ ex=395 nm). 
Fig. 4 Temperature dependence of luminescence intensity for (Sr0.94Eu0.06)2Mg3P4O15 
compared with those of (Ba0.7Eu0.3)MgAl10O17 and (Y,Gd)3Al5O12:Ce3+(λ ex=395 nm). 
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